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TO THE PARTICIPANTS: 
The Geological Science Field Trip program is designed to acquaint 
· Illinois residents with the landscape, the rock. and mineral resources, and 
the geological processes that have led to their origin. With this program, 
we hope to stimulate a general interest in the geology of Illinois and a 
greater appreciation of the state's vast mineral resources and their impor-
tance to the over-all economy. 
We encourage you to ask the tour leaders any questions that may 
occur to you during the trip. Discussion often clarifies points that 
otherwise would remain confused to many of the participants. We also invite 
your written comments upon the conduct of the trips so that we might improve 
them as much as possible. 
Additional copies of this guide leaflet, as well as itineraries 
for field trips that have been held in the past, may be obtained free of 
charge by writing to the Illinois State Geological Survey. The itinerary 
maps for each field trip can be purchased for 10 cents each. 
Several of the stops along this itinerary are located on private 
property whose owners have graciously given us permission to visit their 
lands. Please obey the instructions of your trip leaders and conduct 
. yourselves in a manner that will show respect for the property owners' 
cooperation. Please do not litter, or climb on fences, and leave all gates 
as found, so that we may be welcome to return on future field trips. These 
simple rules of courtesy also apply to public property as well. For the 
convenience of those persons who may use this itinerary at some future 
time, the names and addresses of every private property owner are listed 
for the respective stops on a page at the back of this guide leaflet. 
Whenever possible, always attempt to obtain permission when visiting 
private property .• 
We hope that you enjoy today's field trip and will attend others 
in the future. 
THE STAFF 
EDUCATIONAL EXTENSION SECTION 
ILLINOIS STATE GEOLOGICAL SURVEY 
,-
' I \ 
NEBRASKAN 
(1,000,000 years ago) 
ALTON IAN 
(70,000 years ago) 
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(700,000 years ago} 
WISCONSIN All 
ILL NOlAN (LIMAN) 
(250,000 years ago) 
(22,000 years ago) 
Fig. 2 - Sketch maps showing the maximum extents of the major glacial advances into Illinois 
during the Pleistocene Epoch. Approximate times of invasion are indicated. Two substages of 
the Wisconsinan--the Altonian and the Woodfordian--are shown. Only the Liman Substage of the 
Illinoian is shown. Arrows indicate directions of ice movement and flow in major valleys which 
drained the ice fronts. 
Conical mounds of outwash, called kames, were formed where meltwater plunged through 
crevasses in the ice or into ponds along the edge of the glacier. Glacial lakes 
formed by the ponding of meltwater in valleys, in low areas on till plains, and 
behind end moraines were also the sites of deposition of the finest outwash sedi-
ments. Outwash deposits were often overridden by the advancing glaciers; therefore, 
the drift deposits typically consist of interstratified layers of till and outwash. 
There is also lateral interfingering of these materials. 
River valleys, such as those of the l1ississippi, Illinois, and Ohio, 
provided major channelways for escaping meltwaters. These valleys were greatly 
widened and deepened in the bedrock during times of greatest meltwater floods. 
When the floodwaters were waning, the valleys were partially filled with outwash 
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far beyond the ice margins. The outwash deposits, consisting largely of sand and 
gravel, are known as valley trains. For example, along much of its length, the 
valley train of the ~lississippi Valley is more than 200 feet thick. Many former 
river valleys in areas covered by the glaciers were completely filled and buried by 
glacial deposits. The meltwaters also cut new valleys and caused numerous changes, 
some temporary and some permanent, in the drainage system. 
Deposits of wind-blown silt, called loess, which form the surface materials 
over most of Illinois, are also the result of glaciation. The silt was blown from 
floodplains of the valley trains. MOst loess deposition occurred in the fall and 
winter seasons, when colder conditions caused meltwater floods to recede, thereby 
exposing the surfaces of the valley trains and permitt~ng them to dry out. During 
Pleistocene time, as nm~, the winds prevailed westerly, and as a result, the loess 
deposits are thickest on the east sides of the source valleys. The loess thins 
rapidly away from the valleys. The loess is as much as 80 feet thick on the east 
bluff of the Mississippi Valley in the St. Louis area, for example, but within 12 
miles it thins to 12 feet, and within 20 miles it is down to less than 6 feet. 
The Hamilton-Warsaw area was covered by glaciers of the Nebraskan, Kansan, 
and Illinoian Stages (fig. 2). The Nebraskan and Kansan glaciers advanced from 
the northwest and the Illinoian glacier from the northeast. Nebraskan drift has 
not been found in exposures in the area, but Kansan and Illinoian deposits are well 
represented. The Mendon Moraine, an Illinoian end moraine that marks the line of 
maximum advance of the Illinoian glacier, crosses the field trip area southeastward 
from the vicinity of Warsaw. 
Physiography and Bedrock Geology 
Physiographically, the Hamilton-Warsaw area lies along the boundary between 
the Till Plains Section (east) and the Dissected Till Plains Section {west) of the 
Central Lowland Province (see attached map of the Physiographic Divisions ·ofillinois). 
The rugged topography of the Dissected Till Plains Section along the bluffs border-
ing the Mississippi River contrasts markedly with the younger, more even, and 
relatively less dissected Illinoian till plain (Galesburg Plain) in the central and 
eastern part of the field trip area. 
Drainage of the Hamilton-Warsaw area is westward toward the Mississippi 
River, which occupies a young, narrow, rock-walled gorge cut into Mississippian 
limestones northward from Warsaw and an older, wider, flat valley southward from 
Warsaw. 
About 3,500 feet of sedimentary rocks underlie the field trip area and 
consist primarily of sandstone, limestone, dolomite, and shale that were deposited 
layer upon layer in ancient seas that covered the mid-continent region during the 
Paleozoic Era between 550 million and 225 million years ago. The Paleozoic strata 
are divided into major subdivisions known as systems, each of which was deposited 
during a specified period of geologic time. The systems are in turn subdivided into 
many formations on the basis of mineral composition and fossil content. Approxi-
mately 200 feet of Valmeyeran (Middle Mississippian) age racks are exposed in the 
Hamilton-Warsaw area. These strata were deposited about 330 million years ago. 
Older formations belonging to the Devonian, Silurian, Ordovician, and Cambrian 
Systems are known from deep wells that penetrated them or from other areas in 
Illinois where they are exposed at the surface (see attached Geologic Map). The 
basal Cambrian strata rest upon an ancient basement of Precambrian igneous and 
metamorphic rocks that are more than 1 billion years old. 
Fig • . 3 - Index map with 
locations of (1) MissisN 
sippi River Arch, and (2) 
Illinois Basin. 
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Geologically, the Hamilton-Warsaw area is located 
along the crest of the broad Mississippi Arch (fig. 3), 
which borders the northwestern shelf area of the Illinois 
Basin, a large, spoon-shaped depression that underlies most 
of Illinois and some adjacent parts of Indiana and Kentucky 
(fig. 4). Smaller structural features are developed on 
the larger structures. The Warsaw Dome is a small structure 
located about three miles northeast of Warsaw along the 
crest of the larger Mississippi River Arch. Regionally 
the bedrock dips gently to the southeast toward the deepest 
portion of the Illinois Basin. While this basin was form-
ing during the Paleozoic Era, it wa3 gradually filled with 
Paleozoic sediments. These strata thicken to more than 
13,000 feet in the deepest part of the basin, located in 
extreme southeastern Illinois. Pennsylvanian rocks, 
deposited from 310 million to 270 million years ago, are 
the youngest strata found in the basin and may represent 
the last of the marine invasions during the Paleozoic Era. 
On the other hand, marine conditions may have persisted 
into the Permian Period, which marks the close of the 
Paleozoic Era, with the sea withdrawing for the last time about 225 million years 
ago. Since then, most of the region has been above sea level and exposed to 
erosion. During this long interval of erosion, all of the Permian strata and con-
siderable thicknesses of Pennsylvanian and older rocks were removed. 
The only important mineral commodity now being exploited in the Hamilton-
Warsaw field trip area is limestone, which is used for roadstone and agstone. 
0.0 0.0 
0.3 0.3 
0.7 1.0 
2.5 3.5 
ITINERARY 
Assemble on North lOth Street in front of Hamilton Community High 
School. Proceed north. 
STOP. Intersec-
tion with Keokuk 
Street (Routes 
136 and 96). 
Turn right (east) 
on Keokuk Street. 
Junction of 
Routes 136 and 
96. Turn right 
(south) on Route 
96. 
Railroad cross-
ing. 
Cross Crystal 
Glen Creek and· 
prepare to turn 
left. 
100 miles 
Fig. 4 - North-south cross-section through Illinois showing 
the Paleozoic strata in the Illinois Basin. 
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A B 
Fig. 5- Outline maps of Illinois showing (A) · areas of Cretaceous (K) sands and gravels, and 
(B) occurrences of "Grover" (open circles) and 11 Mounds" (solid circles) Gravels. 
0.1 3.6 Crossroads. Turn left (south) on gravel road. 
Stop 1. Pre-Pleistocene (?) gravel in abandoned gravel pit. Enter 
pasture through wired gate and walk southeast about 300 feet to 
exposure. BE SURE GATE IS WIRED SHUT BEFORE LEAVING. (NW 1/4 NW 1/4 
NE 1/4, Sec. 7, T. 4 N., R. 8 W.) 
The gravel exposed in this abandoned pit was early recognized as being 
unusual by geologists. It is quite unlike the unconsolidated deposits, which are 
generally recognized as being of glacial origin and which usually rest upon the 
Paleozoic bedrock surface of Illinois. The age and origin of the gravel are not 
definitely known. It resembles in many ways gravels thought to be of Cretaceous 
age that occur several miles to the south in Adams and Pike Counties (fig. 5). 
The gravel is even more similar to gravel deposits thought to be of Tertiary age 
in extreme southern Illinois. A Pleistocene age is a possibility. However, many 
aspects of the gravel, as well as its stratigraphic relations, have led geologists 
to conclude that it is older than the oldest confirmed glacial deposits of Illinois 
(Nebraskan) and much younger than the ancient Paleozoic bedrock. 
The gravel here at Hamilton is one of the rare exposures of pre-Pleistocene 
(?) gravel deposits which appear to be similar and which are found at scattered 
localities in central and northern Illinois (fig. 5). The exposure here is now 
rather poor, but it is still good enough to permit thorough examination of the 
gravel's properties. In 1954 Illinois State Geological Survey geologists described 
the following stratigraphic section for this gravel pit: 
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PLEISTOCENE SERIES 
WISCONSINAN AND RECENT STAGES (undifferentiated) 
Soil and colluvium, loessial in texture, 
noncalcareous; layer of pebbles at base 
ILLINOIAN STAGE 
Till, reddish and yellowish brown, noncalcareous, 
Thickness 
2' 
includes erratics of preglacial conglomerate • 4' 
Sand, medium, reddish brown to brown, non-
calcareous 2' 
Clay, gray, iron-stained with purplish mottling, 
noncalcareous 1' 
PRE-PLEISTOCENE (?) 
Gravel, sandy matrix, yellowish brown, largely 
chert, average about 1 inch, maximum about 1 foot, 
polished, iron-oxide cemented ledges, otherwise 
nonindurated • 6' 
Fragments making up the gravel consist predominantly of chert, with lesser 
amounts of quartzite and quartz. Brown chert is the most abundantly occurring 
variety, but white, gray, black, and red chert fragments are also present. Relatively 
rare pieces of red jasper are very conspicuous. The gravel also contains a few 
fragments of banded chalcedony or agate in shades of gray, brown, and white. Small 
pebbles of red and pink feldspar and granite are also sparsely scattered throughout. 
The latter may provide a key to ultimately explaining the origin of the gravel. The 
sand fraction has a composition similar to the gravel fraction, except that it has 
more quartz. 
The fragments in the gravel exhibit a wide range in degrees of roundness 
and sphericity. These properties are indicators of the amount of abrasion the frag-
ments have experienced and may provide additional keys to the kind of environment 
in which the gravel was deposited. For the most part, the quartzite and quartz 
pebbles are both more highly rounded and more spherical in shape than the · chert 
fragments. Many of the chert fragments, especially the brown ones, are very angular, 
even shard-like in shape, and are generally only poorly rounded. Many exhibit only 
slight rounding of the edges and corners. These differences suggest that the quartz 
and quartzite pebbles have experienced more abrasion than the brown chert, probably 
because they were transported from a more distant source, while the angular chert 
was more locally derived. The red chert and the agate pebbles are also more rounded 
and spherical in form, and these too were probably transported greater distances than 
the chert. 
The high degree of polish on these older gravels has puzzled geologists 
for a long time. The polish has been variously attributed to long abrasion by 
currents in an alluvial environment or perhaps by wave action in a nearshore marine 
environment. It resembles the polish produced on pebbles by rockhounds in tumbling 
barrels. However, the tumbling process soon produces highly rounded, spherical 
pebbles, whereas even the most angular fragments in these naturally occurring gravels 
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are equally well polished. On most fragments, reent·rant areas and even the interiors 
of the smallest concavities are polished, not just the flat or rounded surfaces. 
This phenomenon suggests that the polish is a gloss produced by some chemical means, 
perhaps intense weathering, rather than by abrasion. Even those chert fragments 
which have porous interiors exhibit dense, highly polished exteriors. These seem to 
have been impregnated with silica by some sort of silicification process. Because of 
the predominance of brown chert fragments, it has been suggested that the polish may 
be in some way related to the brown color. Even though the brown color is sometimes 
restricted to a thin surficial coating, it does not seem to have caused the polish. 
Bleaching and removal of this coating with hot hydrochloric acid in the laboratory does 
not remove the polish. Many pebbles are brown throughout and others have brown 
rinds of varying thickness with interiors of gray or white, probably the original 
colors of these cherts. The brown color is apparently a discolorization by iron 
oxide, also the result of weathering. 
Many of the chert fragments in the gravel contain marine fossils. However, 
these cherts have been eroded from the Paleozoic formations of this region and provide 
no information about the age of the gravel. Molds and casts of brachiopods, gastro-
pods, corals, bryozoans, and crinoid stem fragments are abundant in some of the chert. 
Fossils of Ordovician, Silurian, Devonian, and Mississippian ages have been identified. 
As yet no fossils indigenous to the environment in which the gravels were deposited 
have been found. The absence of these fossils also makes the task of establishing 
whether or not the gravel is marine or nonmarine more difficult. 
The Cretaceous gravel in Adams and Pike Counties occurs ov.er a considerable 
area and is exposed in many places. The gravel is associated with sands, silts, and 
clays, and these sediments, up to 100 feet thick, form a conspicuous topographic 
feature known as the Beverly-Baylis Ridge. These sediments lie outside of the area 
known to have been glaciated, a factor which probably explains their preservation. 
They represent erosional outliers of deposits formerly much more extensive that were 
stripped away by post-Cretaceous erosion. Detailed studies of the sediments by 
Survey geologists have indicated that they may have been deposited in a nearshore 
marine environment. Cretaceous sediments of both marine and nonmarine origin occur 
in the extreme southern part of Illinois. They were deposited in a deltaic nearshore 
environment at the head of an embayment formed when the sea advanced northward from 
the Gulf of Mexico about 100 million years ago. If the Cretaceous sediments in 
Adams and Pike Counties are marine, the sea reached 200 miles farther northward than 
was previously thought and may even have covered the Hamilton-Warsaw area for a short 
ti,me. 
The gravel here at Stop 1 is very similar to gravels of late Tertiary age 
which also occur in extreme southern Illinois (fig. 3). The gravels there, long 
referred to as the "Lafayette" Gravel, form part of a discontinuous sheet of coarse 
chert gravels which occur over a vast area of the Midwest in parts of Illinois, Iowa, 
Wisconsin, Minnesota, Indiana, and Kentucky. They rest upon an erosional surface of 
low relief that was developed on Paleozoic, Cretaceous, and older Tertiary strata. 
The gravel in southern Illinois was deposited by swift-flowing streams that flowed 
westward from headwaters in the Appalachian Mountains of the eastern United States. 
They are be~eved to date from the Pliocene Epoch, which lasted from 11 million to 
1 million years ago. At that time the Midwest region was uplifted several hundred 
feet, initiating an interval of renewed erosion by an ancient Tertiary stream system. 
The gravels are believed to have been derived from a siliceous residuum which had 
accumulated on the bedrock as a result of long weathering during pre-Pliocene time. 
The gravels were spread over the bedrock surface by a system of braided streams. 
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The Tertiary gravels in southern Illinois have a mineral composition that 
confirms an eastern Appalachian source. These eastern gravels are now formally 
called the "Mounds" Gravel. The gravels which occur to the north and west contain 
Lake Superior-type agates and purple quartzites of a type found in northern Wiscon-
sin. Thus these western gravels seem to have · had a northern source. Within the 
glaciated region, these gravels are spotty in occurrence but are found in widely 
separated areas (fig. 5). This fact indicates a formerly more widespread occurrence, 
but because of post-Tertiary erosion, especially the intense scouring by the Pleisto-
cene glaciers, only small patches of the gravels remain. These northern gravels, 
including the gravel here at Hamilton, have b'een named the "Grover" Gravel. 
The Cretaceous gravels and the southern Illinois Mounds Gravel contain no 
igneous rocks. This fact is used as evidence to indicate a non-glacial origin for 
these deposits. However, the gravel here at Hamilton does contain pebbles· of f~ld­
spar and granite. Because of this occurrence, it has been considered that this 
gravel, as well as the other isolated patches of Grover Gravel in the upper Missis-
sippi Valley region, may actually represent outwash gravels of a very early glacial 
stage that predates the Nebraskan. Rather than a Pleistocene glaciation, it may 
have been a late Tertiary (Pliocene) glaciation. However, this possibility is 
highly speculative and is not accepted by Survey geologists. Another suggestion is 
that the gravels are early Nebraskan in age. No ice-laid glacial deposits (till) 
that could confirm a possible glacial origin have been found with the gravels. 
However, the large chert boulders, as well as cobbles of quartzite which are known 
to have come from several hundred miles away, are more easily explained by glacial 
transport than by stream transport. It is difficult to envision a stream flowing 
over a region of low relief in which currents were swift enough to move such large 
fragments. 
Leave Stop 1. Continue south. 
0.6 4.2 T-read from left. Turn left (east) on gravel road. 
1.15 5.35 STOP. Crossroads with blacktop. Turn right (south). 
0.65 6.0 Note the evenness of the Illinoian till plain. 
0.7 6.7 STOP. Crossroads. Continue ahead. 
1.0 7.7 The high ground on the right horizon is the Mendon Noraine. 
1.0 8.7 Descend into Illinoian meltwater channel. 
1. 2 9. 9 Ascend the south wall of meltl-later channel. 
0.25 10.15 Stop 2. Discussion of Illinoian meltwater channel and the Mendon 
Moraine (NE 1/4 SE 1/4 NW 1/4, Sec. 5, T. 3 N., R. 8 W.). 
The vie't-7 towards the west is across a southwestward-trending channel that 
formerly carried meltwater from the Illinoian glacier. At this locality the channel, 
being fairly shallow and broad, is rather poorly defined. It can hardly be seen by 
an observer on the ground, but it shows up clearly on the topographic map of this 
area (see Itinerary Map). The channel is now the valley of Little Bear Creek, which 
flows northeastward toward Bear Creek. It narrows just west of Sutter where it 
breaches the Mendon Horaine, a narrm-1 but prominent ridge which marks the former 
margin of the Illinoian glacier. The moraine can be traced from the vicinity of 
Mendon, in northern Adams County, after which it was named, northwestward to Warsaw 
and then into eastern Iowa for several miles. 
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The channel is oriented parallel to the d~rection in which the Illinoian 
glacier moved across the field trip area. It was probably formed as a subglacial 
outlet for meltwater flowing in a crevasse beneath the ice toward the margin of 
the glacier. In addition to the orientation, the straightness of the channel also 
suggests that it was crevasse-controlled. Farther east, a pronounced southwestward 
lineation of the topography and drainage is also related to the development of 
crevasses in the Illinoian glacier. Soon after it reached its line of maximum 
advance, the Illinoian glacier is believed to have stagnated (stopped moving). 
Prior to that, because the ice was thin and thus somewhat brittle, stresses in the 
moving ice resulted in the formation of numerous southwestward-trending crevasses. 
It is quite apparent from the size of present-day Little Bear Creek in relation to 
the size of its valley that the valley was carved by a much larger stream. Much 
meltwater must have poured down the channel. through the Mendon Moraine, and into 
the Mississippi Valley. However, it should be pointed out that the channel carried 
meltwater only while the ice covered this area. It did not serve as an outlet for 
meltwater draining from a receding Illinoian ice front. 
The Mendon Moraine is not a strikingly prominent topographic feature. It 
can be seen directly west of here as the high ground on the near horizon. It stands 
only 60 to 70 feet above the general level of the Illinoian till plain. Along most 
of its extent, the Illinoian drift margin is not marked by any end moraine at all. 
This factor is also attributed to the early stagnation of the ice. An end moraine 
is a ridge of glacial debris consisting principally of ice-laid drift (till) inter-
mixed with outwash. An end moraine is formed by drift accumulation at the edge of 
an active glacier as rock debris is carried forward by the moving ice in a sort of 
conveyer-belt action. The ice margin remains static when the rate of melting is 
aprroximately equal to the rate of forward movement. These conditions did not 
persist for a long enough time during the Illinoian glaciation to permit a well-
defined end moraine to form along the margin of the glacier. In addition, erosion 
during the more than 200,000 years since the moraine formed has undoubtedly 
destroyed much of the moraine and tended to obscure these parts that remain preserved. 
The Illinoian glacier invaded Illinois during three separate major advances 
--the Liman, the Monican, and the Jubileean. The ice moved southwestward from the 
Labradorean center. Only the Liman, which formed the Mendon Moraine, reached as far 
as the Hamilton-Warsaw area. This earliest Illinoian glaciation has been named after 
Lima Township in Adams County wqere drift of Liman age is well developed. The Liman 
advance of the Illinoian glacier was especially strong and represents the most 
extensive advance of all the Pleistocene glaciers into the Midwest. The glacier 
covered 80 percent of Illinois, at its maximum pushing southwestward as far as St. 
Louis and southward to the northern bluffs of the Ohio River. North of Warsaw, 
the ice crossed the present-day Mississippi Valley and entered eastern Iowa. As 
will be seen later, the Illinoian glacier caused a permanent change in the position 
of what is now the }lississippi Valley. The two later advances of the Illinoian 
glacier did not reach the field trip area. The Monican advance was also quite strong, 
but it reached only as far as eastern McDonough County, about 40 miles east of the 
field trip area. 
Leave Stop 2. Continue south. 
0.15 10.3 STOP. Crossroads in village of Sutter. Continue ahead. 
1.1 11.4 Crossroads. Turn right (west) on gravel road. 
0.1 11.5 Crossing the Mendon Moraine. 
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0.4 11.9 T-road from right. Continue ahead. 
The meltwater channel can be seen off to the right. In this vicinity 
the channel, trending almost east-west, parallels the road. It is more than a mile 
wide as it passes through the Mendon Moraine. 
1.25 13.15 ·STOP. Intersection with Route 96. Turn right (north) and then left 
(west) on gravel road. CAUTION. HIGH SPEED TRAFFIC. 
0.95 14.1 The high ground on the right is the Mendon Moraine. 
1.1 15.2 Roadcut in Wisconsinan loess. 
0.3 15.5 Descend into Mississippi Valley. 
0.15 15.65 Stop 3. Roadcut in Pleistocene deposits (SE 1/4 NW 1/4 SE 1/4, Sec. 10, 
T. 3 N., R. 9 W.). 
This roadcut exposes a thick section of Pleistocene deposits. It is one 
of the best exposures of these deposits in the field trip araa and affords an 
excellent opportunity to examine the properties of the unconsolidated glacial 
deposits that immediately underlie the region. This exposure is relatively new and 
has not yet been carefully studied by Survey geologists. The section described 
below is only t~ntative. 
PLEISTOCENE SERIES 
WISCONSINAN STAGE 
Peoria Loess - silt, tan brown, leached in upper 
7 1/2 feet, calcareous below, massive, with rusty 
splotches in lower 12 feet, many large snails 
(Succine_<! sp.) at base, unit is thinly covered 
by moss 
- silt, gray brown and gray, massive, calcareous, 
finely rust-mottled in lower 1 foot, small snails 
in upper 1 1/2 feet, small calcite concretions in 
lower 1 foot • 
Rox~.na Silt - silt, tan brown, rusty, gray-mottled, 
calcareous, sandy, many small, irregularly-shaped 
calcite concretions, appears rubbly on outcrop 
surface 
ILLINOIAN STAGE 
Loveland Silt - silt, brown- and gray-mottled, 
sandy, soft, leached, Fe- and Mn-stained, massive, 
distinctly reddish brown on outcrop face; 
(Sangamon Soil) 
Thickness 
(ft.) 
20 
2 1/2 
3 
4 1/2 
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KANSAN STAGE 
Till - brown, clayey, firm, pebbly, leach~d; 
<Yarmouth Soil) • 
Outwash - gravel, crown, upper 10 feet oxidized 
reddish tan, calcareous, very coarse, bouldery 
PALEOZOIC BEDROCK 
2 1/2 
23 
The oldest deposit is Kansan outwash deposited by meltwater as the Kansan 
glacier advanced from the northwest across the present-day Mississippi Valley into 
Illinois about 700,000 years ago. At its maximum the Kansan ice extended as far 
as the Havana area in Fulton County, about 75 miles to the east. Thick deposits of 
till and outwash were deposited in the Mississippi Valley as the glacier crossed 
the valley and moved onto the upland to the east. At Fort Madison, a short distance 
to the north, the Kansan till that forms the bluffs of the valley is more than 100 
feet thick. In our immediate vicinity most of the Kansan valley fill was later 
removed by post-Kansan erosion. 
The outwash gravel is extremely coarse and poorly sorted. These properties 
suggest that the ice _front was probably very near while the gravel was being 
deposited. Great amounts of rock debris were quickly released from the melting 
ice. The glacier then overrode the outwash and deposited till. The till is probably 
considerably thinner than it originally was, because it was eroded during the Yar-
mouthian interglacial interval. The till is thoroughly leached of carbonate 
minerals and is deeply oxidized by weathering. ·oxidation extends down into the 
gravel below the till for several feet. This weathered zone probably represents the 
buried Yarmouth Soil. 
The outwash contains a great variety of different kinds of rock fragments, 
including many which were eroded from the bedrock locally. Large boulders and 
cobbles of Mississippian limestones eroded from the St. Louis, Warsaw, and Keokuk 
Formations are abundant. Note the Warsaw geodes. The largest boulders consist of 
limestone breccia from the St. Louis. Many types of igneous and metamorphic rocks 
eroded from central Canada several hundred miles away and carried into this region 
by the glacier are present. An excellent collection of rock specimens can be made 
in a short time. The large sizes of the boulders attests to the enormous erosive 
and transportive power of the glacier. Note that some of the rock fragments are 
faceted (flattened) and striated (scratched) from abrasion during transport by the 
ice. 
Immediately above the Kansan till is a thin deposit of clayey silt. This 
silt is probably the Loveland Silt, a preglacial silt of Illinoian age that was laid 
down in low areas ahead of the advancing glacier. The Illinoian. glacier advanced 
to within about 1 1/2 miles east of here. The Loveland consists predominantly of 
water-laid silt deposited in low areas ahead of the advancing Illinoian ice about 
250,000 years ago. The silt is leached and oxidized reddish brovTn and is conspicuous 
on the outcrop face because of its color. It is deeply stained by iron and manganese 
oxides. This weathered zone is the Sangamon Soil which was formed during the long, 
warm Sangamonian interglacial interval which followed the Illinoian glaciation. 
This interval of weathering lasted from about 200,000 to 70,000 years ago. The base 
of the Sangamon profile extends .down into the underlying Yarmouth profile and the 
two are difficult to separate visually. Both the Yarmouth and Sangamon Soils occur 
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widely thro.ughout the glaciated areas of Illinois and the Midwest. These ancient 
soils are important horizons that are used by geologists to interpret the glacial 
deposits. 
Although the Wisconsinan glaciers did not reach the Hamilton-Warsaw area, 
loess deposits of llisconsinan age reflect the influence of these glaciers beyond the 
areas covered by the ice. The Sangamon Soil is overlain by the Roxana Silt, a loess 
that was deposited during the advance and retreat of the Altonian glacier during the 
early part of Wisconsinan time between approximately 70,000 and 28,000 years ago 
(fig. 2). The Roxana is usually medium to dark brown with a pinkish cast. Here 
the Roxana contains numerous small calcite concretions that were formed by secondary 
mineralization long after the loess was forn~d. They were formed by the precipitation 
of calcium carbonate that was leached from the overlying loess and carried downward 
by percolating groundwater. The loess has a rubbly appearance because of these 
concretions. 
The Peoria Loess above the Roxana is distinctively tan brown in color. 
This loess was deposited during the advance and retreat of the Woodfordian glacier 
between 22,000 and 12,000 years ago. The Peoria Loess forms the surficial material 
over much of Illinois. Here, in the river bluffs, close to its source, the loess 
is quite thick. The base of the Peoria contains numerous fossil snails. The snails 
are quite fragile, but with care good specimens can be collected. When the shells 
are dried, they develop more strength. The snails are terrestrial species which 
lived on the bluffs while the loess was being deposited. When found in abundance 
they are used to date the deposits in which they occur. The shells are collected 
and the calcium carbonate is dated radiologically by analysis of carbon 14. Reliable 
dates up to 50,000 years before the present can sometimes be obtained by this method; 
therefore, it is a useful tool for studying the Wisconsinan deposits. 
Leave Stop 3. Continue ahead 
0.05 15.7 T-road intersection. Turn right (north). 
0.35 16.05 Cross Rocky Run. 
0.55 16.6 Outwash sand overlain by loesp on right. On the left, note the vast 
expanse of the Mississippi Valley. This enormous feature will be dis-
cussed at Stop 8. 
1.15 17.75 T-road from right. 
Stop 4. Outwash sand in roadcut on right (NW 1/4 SE 1/4 SW 1/4, · Sec. 
34, T. 4 N., R. 9 W.). 
The section exposed in the roadcut is described below: 
PLEISTOCENE SERIES 
WISCONSINAN STAGE 
Loess (Peoria Loess and Roxana Silt -
undifferentiated), tan brown, leached 
Thickness 
(ft.) 
0 - 15 
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ILLINOIAN STAGE 
Silt - light gray, very sandy, firm, massive; 
upper 4 feet leached and pinkish brown; 
(Sangamon Soil) 
KANSAN STAGE 
Sand- coatse, pebbly, calcareous, strongly 
~sbedded, beds of sandy silt, oxidized, 
some beds poorly cemented by iro~ oxide 
I 
9 
. 17 
The gravelly sand in this exposure may be Illinoian rather than Kansan as 
the sand is calcareous and contains no apparent ~ weathering profile. However, here 
at the bluff, erosion could have easily removed any soil zone which may have formed 
before the Illinoian silt was deposited. Note the numerous polished chert fragments 
in the sand. These were probably eroded by the Kansan glacier from the Grover Gravel. 
Crossbedding (current bedding) formed by swift-flowing meltwater currents is beauti-
fully developed in the sand. The silt beds indicate deposition in quieter water 
during times when the currents had slackened. 
The Illinoian silt is an outwash deposit which probably was laid down in a 
quiet backwater area when the valley was flooded by meltwater. The Sangamon Soil 
profile that is developed in the upper 4 to 5 feet of the silt was formed under well-
drained conditions and is distinctively red in color. 
Leave Stop 4. Continue ahead (north). 
1.6 19.35 T-road from right. Turn right and ascend hill. 
0.95 20.3 Stop 5. Kansan till in bank on right side of road (NW 1/4 SW 1/4 NE 
1/4, Sec. 27, T. 4 N., R. 9 W.). 
The section exposed -in the roadcut is as follows: 
PLEISTOCENE SERIES 
WISCONSINAN STAGE 
Loess (Peoria Loess and Roxana Silt -
undifferentiated), tan brown, slightly sandy, 
soft, leached 
Loess, grayish tan, sandy, leached, reddish 
to orange tan at base 
KANSAN STAGE 
Till, brownish gray, pebbly, blocky, firm, 
clayey, oxidized orange tan, leached, Fe- and 
Mn-stained; (Sangamon Soil) · 
Till, as above, calcareous 
(Base covered) 
Thicknsss 
(ft.) 
6 
4 1/2 
5 
1 
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Kansan till overlain by Wisconsinan loess is well exposed in the slope on 
the right. Note that the Illinoian Loveland Silt is not present. The Loveland Silt 
is typically discontinuous in occurrence. However, it may simply have been eroded 
away before deposition of the Wisconsinan loess. The till contains a well-developed 
buried soil profile. This profile may represent both the Yarmouth and the Sangamon 
Soils. However, as the profile is rather thin, it may represent only the Sangamon 
Soil. The latter possibility assumes that early Sangamonian erosion had removed 
the ~armouth Soil. This erosion could easily happen in a bluff situation. The till 
below the soil is calcareous and reacts freely with dilute acid. 
This exposure affords an excellent opportunity to examine closely the 
properties of till. Till is an ice-laid material, deposited while a glacier is 
still moving. It is deposited by a kind of plastering action as rock debris is 
released by melting at the base of the ice. Till is characterized by its massive, 
unstratified structure and by its unsorted texture. It typically consists of a 
random mixture of all sizes of rock debris, from clay through boulders. The rock 
debris is eroded from the areas over which the glacier moves. In addition to 
locally derived material, tills may contain rock eroded and transported from distant 
areas. The continental glaciers that covered Illinois transported rock debris 
eroded from areas hundreds of miles outside the state. 
0.1 20.4 
Leave Stop 5. Continue ahead. 
Cross culvert and stop. 
Stop 6. St. Louis Limestone Formation in creekbed on left. Walk 
down lane on left to exposure (NE 1/4 SW 1/4 NE 1/4, Sec. 27, T. 4 N., 
R. 9 W.). 
Only 3 to 4 feet of the St. Louis Limestone Formation is exposed in the 
creekbed here. Elsewhere in the field trip area, this limestone is as much as 25 
feet thick. The St. Louis consists of a poorly rounded to angular, medium gray, 
dense to sublithographic, algal limestone breccia in a light gray, finely crystal-
line matrix. The rock is finely to coarsely brecciated with some quite large angu-
lar fragments. Bedding is very uneven. The algal structure is etched out on 
weathered surfaces. A few fossils and many pink chalcedony nodules and fragments 
have been noted here. This is the youngest bedrock to be studied on this field 
trip. 
Early geologists thought that the brecciated appearance of the St. Louis 
was the result of violent wave action and regional deformation. The Illinois State 
Geological Survey has proposed that the breccia is the result of anhydrite (Caso4) deposition followed by alteration (hydration) to gypsum (CaS04·2H20). The hydration 
process involves an increase in volume of 30 to 50 percent which may result in local 
crumpling and intense folding of the altered beds. The gypsum may have been dis-
solved either by fresh water or by the returning sea which deposited the upper part 
of the St. Louis. Such an origin is suggested by the extensive occurrence of gypsum 
and anhydrite in the lower portions of the St. Louis throughout the Illinois Basin, 
the fresh angular surfaces of the breccia fragments, and the breccia's common asso-
ciation with clay, which might be a residue from dissolved evaporites. A limestone 
bed in the lower part of the St. Louis at many localities shows the type of distorted 
bedding usually associated with gypsum. However, gypsum has never been found in 
outcrops of St. Louis breccia. 
Leave Stop 6. Continue ahead (east). 
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1.8 22.2 T-road from left. Turn left (north). 
The itinerary follows the top of the Mendon Moraine in this area. 
0.5 22.7 T-road from right. Continue ahead. 
0.1 22.8 Sharp left turn. 
0.1 22.9 T-road from right. Turn right. 
1.0 23.9 Crossroads. Continue ahead (north). 
0.5 24.4 Y-intersection. Bear left. 
0.5 24.9 T-road from right. Continue ahead. 
0.95 25.85 Road becomes blacktop. Right turn. 
0.75 26.6 Warsaw water tower on left. Enter villate of Warsaw. 
0.5 27.1 STOP. School cross walk. Continue ahead. 
Warsaw Community High School on the right. 
0.2 27.3 STOP. Route 96. Turn left (west) on Main Street. 
0.05 27.35 Turn right at entrance to Geode Glen. 
0.1 27.45 Stop 7. Lunch in Geode Glen Park (N 1/2 NW 1/4 NW 1/4, Sec. 10, T. 4 
N., R. 9 W.). 
After lunch, assemble in the lo"t.rer park area l<lest of the bridge. 
The rocks here represent the lower portion of the Warsaw Shale. The 
section exposed is divided naturally into lower beds containing geodes and upper, 
or Archimedes, beds. From here to the east for one-third mile, the Warsaw is well 
exposed. The upper part of the section can be studied better to the east. 
The basal 12 feet of the lower part of the Warsaw was deposited under 
varying sedimentological conditions; therefore, two lithologic facies are discern-
ible: a blue-gray to grayish-brown, fine-grained, thick-bedded to massive, argil-
laceous dolomite containing geodes but no fossils, and a fossiliferous unit composed 
of sand-sized fossil fragments (called "biocalcarenite") and dolomite with no 
geodes. Although both facies may interfinger at some localities, usually only one 
facies is present at a particular outcrop. 
The basal unit is overlain by a persistent fine-grained, argillaceous 
dolomite that is fossiliferous and cherty but contains no geodes. 
The upper 20 feet or so of the lower part of the Warsaw is a bluish-gray 
to brown dolomitic mudstone that is poorly bedded, clayey, and geodiferous. The 
geodes generally are smaller and not as well formed as those from the basal part of 
the Warsaw. The upper . part also contains discontinuous fossiliferous biocalcarenite 
stringers that do not have geodes. 
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The upper part of the Warsaw is relatively sandy, pyritic, and very fossil-
iferous. The Archimedes are still abundant, even though the area has been carefully 
picked over for many years. However, considerable effort may have to be expended 
in order to collect some fossils from this locality. 
The conformable 2- to 3-foot dolomitic sandstone near the top of the 
exposure is thought to represent the Sonora Sandstone Formation, which unconformably 
underlies the St. Louis Limestone Formation. 
The following fossils can be collected from the Warsaw: 
Bryozoa (most abundant) - Leioclema, Rhombopora, Fenestella, and Archimedes 
Brachiopods (most common forms) - Echinoconchus alternatus, Echinoconchus 
biseriatus, Camarotoechia mutata, Spirifer tenuicostatus, Spirifer 
pellaensis, Brachythyris subcardiformis, Reticularia setigera, and 
Eumetria verneuliana 
Corals - Triplophyllum dalei and Honilipora beecheri 
The fauna of the Sonora is similar; it has the same brachiopod fauna but 
fewer recognized bryozoan species. 
GEODES 
The region around Keokuk, Iowa, and Hamilton and Warsaw, Illinois, is 
probably the most famous geode-collecting area known. Geodes exhibiting considerable 
beauty and variety of form and mineral composition are abundant in the lower part of 
the Warsaw Formation. 
Geodes are masses of mineral matter that are usually globular, hollow, 
and lined with layers and clusters of mineral c~;stals. Some geodes may be irregu-
lar or discoid and may even resemble fossils. A typical l.Jarsaw geode has as one of 
its most important features an outer shell of noncrystalline chalcedony, which helps 
to preserve the specimen during weathering of the host rock. A distinct inner layer 
of crystalline material protrudes into the hollow central cavity. Crystalline 
quartz is present in the shells and is the .most abundant mineral extending into the 
inner cavity. Some specimens also have chalcedony lining the hollow center. 
There are a number of theories that attempt to explain under what condi-
tions and by what processes geodes have originated. None of these proposals is 
completely adequate to account for their interesting features. 
Hayes (1964) has proposed the latest and perhaps the most acceptable 
theory. He suggests that the following evidence relates the origin of geodes to 
sedimentary environments and to early changes in the sediments after deposition: 
.(1) the virtual confinement of geodes to a specific stratigraphic unit, the lower 
part of the Warsaw; (2) the association of geodes with argillaceous dolomite ·and 
dolomitic mudstone within the lower part of the Warsaw; (3) the tendency for geodes 
to occur in zones or beds rather than to be scattered at random; (4) the initial 
rounded shape of geodes and their fairly uniform size in a given zone; and (5) 
the conformity of bedrock lamination to geodes in place. 
Since rounded cavities the size of geodes could not exist under conditions 
of accumulation and deposition (syngenesis) of sediments nor during early compaction 
and cementation (diagenesis) of sediments, it was apparent that some syngenetic or 
early diagenetic feature, which either localized geode cavity formation or was 
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itself transformed into geodes, must have been present. Study led to the conclusion 
that calcite concretions were the only features in the. region that shared enough 
common characteristics to be geode progenitors. Similarities such as size, shape, 
stratigraphic occurrence, and lithologic occurrence are striking, and specimens in 
all stages of development from concretion to geode occur together in some exposures. 
The calcite concretions formed from organic remains that decomposed under 
anaerobic (poorly oxygenated) conditions during deposition of carbonate materials 
that accumulated under quiet water conditions. Decomposition products permitted the 
organic remains to serve as small local nuclei about which calcite concretions could 
form. Decomposition products increased the alkalinity of the surrounding water to 
the point where calcite could precipitate in concretionary forms. 
Through a complex process, silica, in the form of chalcedony, replaced the 
calcite at the margin of the concretions. Then the recrystallized cores of the 
calcite concretions were dissolved, probably by acid weathering conditions. Later, 
precipitation of a large variety of minerals from newer solutions moving through 
the cavities took place. In addition to the minerals previously mentioned, calcite, 
dolomite, goethite, pyrolusite, limonite, pyrite, marcasite, chalcopyrite, ankerite, 
barite, aragonite, smithsonite, sphalerite, hematite. sulfur, kaolinite, malachite, 
and selenite may be found. However, not all of these minerals can be collected 
from the same locality. Some half dozen other minerals have been reported or 
tentatively identified in geodes. North of the field trip area geodes which contain 
petroleum or thicker bituminous material, sometimes under considerable pressure, 
may be collected. 
Leave Stop 7. Return to park entrance. 
0.1 27.55 STOP. Turn right (west) on Hain Street. 
0.45 28.0 
0.3 28.3 
Continue ahead on West Main Street through business district. 
Turn right (north) on 3rd Street. 
Stop 8. Fort Edwards site on bluff overlooking the river. Discussion 
of Mississippi Valley (NE 1/4 SW 1/4 SE 1/4, Sec. 4, T. 4 N., R. 9 W.). 
The Fort Edwards Monument, which was erected in September, 1914, commem-
rates the establishment of the fort in September, 1814, by Zachary Taylor of the 3rd 
U.S. Infantry. The fort was abandoned in July, 1824. 
This vantage point provides a magnificent view of the Mississippi Valley, 
by far the most prominent topographic feature in the field trip area. Off to the 
right (northeast) at Keokuk, the river emerges from a narrow, rock-walled, rock-
floored gorge barely wider than the river itself. Within the gorge, which begins 
at Nauvoo, about 15 miles to the north, the river flm-1s over bedrock, or at least 
it did before the Keokuk dam was built. Over a stretch of 11 miles above Keokuk 
the river flowed over a series of rapids cut in the !1ississippian Keokuk Limestone 
Formation. These rapids, in which the river had a fall of about 24 feet, presented 
an effective barrier to navigation. They were known as the "lower rapids" and also 
as the "Des Moines rapids" after the Des 1-loines River which enters the valley just 
south of Keokuk. South of the mouth of the Des Moines River the ~lississippi Valley 
widens abruptly to an enormous size. The valley plain, which can be seen directly 
ahead to the west, is 8 miles wide at this point. The valley also widens enormously 
from Nauvoo northward. There, on the Illinois side, the river is bounded by rocky 
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Fig. 6 - Sketch map showing the pre-Illinoian course of 
Ancient Iowa Valley (coarse· dots within dashed lines) 
and the present course of the Mississippi River. The 
buried portion of the old valley is shaded. The Illinoi-
an glacial margin is shown by the hachured line. 
(Adapted from Leverett, 1899) 
700 
400 
Fig. 7 - Cross section of abandoned Ancient Iowa Valley 
and Mississippi Valley from Argyle, Iowa to Sonora, Illi-
nois. Thick glacial deposits in the buried valley are 
shown by shading. (From Iowa Geological Survey) 
bluffs, but on the Iowa side 
the bluffs are cut entirely into 
glacial drift. From Fort Madison 
southward to Montrose the west 
valley bluff swings in a great 
arc and at its maximum width 
the valley flat is 5 miles wide. 
The small size of the 
Mississippi gorge in relation 
to the vast size of the valley 
above and below the rapids was 
first noted by geologists in the 
1850's. At that time they cor-
rectly recognized that the gorge 
was much younger than the wider 
portions of the valley and that 
a stream diversion had occurred 
as a result of glacial activity. 
The abandoned portion of the old 
valley, which is largely buried 
by glacial deposits, was dis-
covered several miles to the 
west of the present gorge. This 
buried valley~ partially re-
excavated by the present Missis-
sippi and its tributaries, the 
Skunk and Des Moines Rivers, 
extends in a great arc from 
north of Ft. Madison to west of 
Keokuk (fig. 6). The old valley, 
with a width of more than 6 miles 
and a depth of nearly 300 feet, 
is approximately 10 times the 
size of the new gorge (fig. 7). 
The floor of the buried valley 
is 125 to 135 feet below the 
rock floor of the gorge. 
Prior to the diversion 
which cut the present }tississippi gorge, the old valley was occupied by an ancestral 
stream called the Ancient Iowa River. The Ancient Iowa River headed near Muscatine 
and flowed southward along a course approximately the same as that followed on the 
west side of Illinois by the present Mississippi River (fig. 2). The Ancient Mis-
sissippi followed a more easterly course. The Ancient Mississippi cut a valley 
which entered Illinois at Fulton and extended southeastward to the. present "Big Bend" 
of the Illinois River near Hennepin. From there the Ancien.t Mississippi followed 
approximately the present course of the Illinois Valley to a junction with the 
Ancient Iowa Valley near Grafton in Calhoun County. Both the Ancient Iowa and 
Ancient Mississippi Rivers are believed to have originated as meltwater streams 
during the Nebraskan glaciation. These rivers cut their valleys deeply into the 
bedrock during the Nebraskan glaciation, the Aftonian interglacial interval, and 
the early part of the Kansan glaciation. 
The time of the diversion of the Ancient Iowa River, which cut the lower 
rapids, is not definitely known. The diversion is believed to have occurred as a 
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result of the Kansan glaciation, because the drift which fills the abandoned portion 
of the valley is mostly Kansan in age. In the bluffs on the Iowa side at Ft. Madison 
100 feet of Kansan till is exposed. The Illinoian glacier covered only part of the 
old valley at its maximum advance. At the maximum extent of the Kansan glacier, 
the Ancient Iowa Valley along most of its course was completely covered by the ice, 
and drainage was diverted eastward into the Ancient Mississippi Valley (fig. 2). 
When the Kansan glacier melted back, the Ancient Iowa was able to re-excavate and 
re-occupy most of its pre-Kansan valley, but from Nauvoo to Keokuk it cut the 
present bedrock gorge. Why the river took the more difficult course across bedrock 
instead of cutting a channel into the more easily eroded drift that fills the old 
valley is difficult to explain. To account for this oddity, it must be assumed 
that as the Kansan glacier was melting back, the meltwater flow shifted continually 
westward in a marginal position along the ice front. For some reason recession of 
the ice front stopped and for a time remained static when the glacier had melted 
back to a position behind the course of the pre-Kansan Iowa Valley, except for the 
stretch between Montrose and Keokuk which remained covered by the ice. Meltwater 
quickly began to exhume the partially drift-filled Ancient Iowa Valley. However, 
between Montrose and Keokuk the meltwater, flowing along the front of the glacier, 
rapidly cut through the drift and into the bedrock beneath. By the time the glacier 
finally receded westward behind the position of the old valley, the new channel had 
been cut below the level of the drift that filled the valley. The diversion thus 
became permanent, and because of the increased gradient of the river in its new, 
shorter course over the bedrock divide, the valley was rapidly deepened. 
During the Illinoian glaciation the Ancient Iowa was again forced from its 
valley to a westerly course in Iowa. However, this Illinoian diversion was only 
temporary, and when the ice front melted back, the river resumed its course through 
the gorge. The gorge was deepened by meltwaters as the river eroded its valley 
during the Illinoian and Wisconsinan glaciations. During the Woodfordian advance 
of the Wisconsinan glaciation (fig. 2), the Ancient Mississippi River was forced 
westward and permanently diverted into the Ancient Iowa Valley when meltwater over-
topped another bedrock divide at Cordova in Rock Island County. The old valley 
to the Big Bend was buried by drift and permanently abandoned. The Illinois River 
then assumed the valley of the Ancient . Mississippi to the south. 
Leave Stop 8. 
0.15 28.45 Bear left onto Polk Street. 
0.1 28.55 STOP. Turn right (south) on 3rd Street. 
0.25 28.8 STOP. Turn left (east) on Main Street. 
0.3 29.1 
0.4 29.5 
Crossroads. AMBER WARNING SIGNAL. Turn left (north) on Great River 
Road toward Hamilton. 
Ston 9. Exposure of Warsaw and St. Louis Formations in roadcut on 
right (NE 1/4 NW 1/4 SW 1/4, Sec. 3, T. 4 N., R. 9 W.). 
CAUTION. This is an extremely hazardous exposure because of loose, rubbly 
rock and fast traffic. 
The upper 15 feet of this exposure belongs to the St. Louis Formation. 
The exposure consists of light to medium grayt fine-grained to lithographic algal 
limestone that is coarsely brecciated with irregular contorted beds. Some grayish-
green shale, especially in the lower part, exhibits squeezing. 
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The St. Louis breccia is underlain by the Sonora Formation. The Sonora 
is a sandy, argillaceous dolomite which is about 15 to 18 inches thick near the 
middle of the exposure and which weathers brown. Fossils present in the Sonora show 
that it is equivalent in age to the Salem and the topmost part of the Warsaw in 
adjacent areas. 
The lower 15 feet of the roadcut exposure shows the upper part of the 
Warsaw Shale. It consists of coarsely crystalline, glauconitic, bioclastic (frag-
mented by the activity of organisms) limestones interbedded with grayish-green 
laminated shales. Bryozoans are the most common fossil present. 
As the itinerary progresses eastward along _this road, notice the gradual 
change in rock types as progressively older rocks are exposed. 
0.4 29.9 
1.3 31.2 
Leave Stop 9. Continue ahead. 
Roadcut in the upper part of the Warsaw Shale. Note that there are 
no geodes. 
Long roadcut exposure in Warsaw Shale and Keokuk Limestone. 
0.1 31.3 Contact between the Warsaw Shale and the underlying Keokuk Limestone 
on right. The upper part of the Keokuk contains shale beds similar 
to the Warsaw. The Keokuk is distinguished by the presence of. chert bands in the 
limestone beds. 
0.05 31.35 Stop 10. Upper part of Keokuk Limestone Formation (S 1/2 NW 1/4 NE 1/4, 
and S 1/2 NE 1/4 NW 1/4, Sec. 2, T. 4 N., R. 9 W.). 
The upper part of the Keokuk Limestone exposed here consists of gray, 
crinoidal limestone containing gray chert nodules. The uppermost beds are light 
gray to grayish-tan dolomite that contain a few scattered geodes. Dark gray shale 
interbeds increase in number in the upper part of the section. Although many of 
the limestone beds are very fossiliferous, loose, well-preserved fossils are not 
common. The Keokuk grades upward into the lower part of the Warsaw a short distance 
further up the hill (west). The Warsaw is composed of grayish-tan to brown biocal-
carenite which does not have any geodes. 
As the itinerary progresses to the east and north, note the decrease in 
the amount of shale and the increase in the amount of limestone. The limestones 
become thicker and more massive than those found here and some contain a considerable 
amount of chert. 
Leave Stop 10. Continue ahead. 
Notice how much more thick-bedded and massive the Keokuk Limestone 
becomes in its lower part. 
0.2 31.55 Cedar Glen on right. Almost the entire Keokuk Limestone is exposed at 
the mouth of the creek. 
0.6 32.15 Cross Crystal Glen Creek. The itinerary is now crossing the northern 
flank of the relatively small Warsaw Dome which is centered about 1/2 
mile south of the bridge in Section 1, T. 4 N., R. 9 W. The dome is about 5 miles 
in diameter and covers an area of approximately 50 square miles. It is elongate 
- 21 -
NE-SW and has a closure of about 30 feet. Shows of oil were found in the Devonian 
Hoing sand at a depth of about 600 feet but no commercial quantities of oil were 
produced. 
0.2 32.35 Railroad crossing. 
1.25 33.6 
0.2 33.8 
0.3 34.1 
T-road from right. Turn right (east) toward entrance to Gray 
Brothers Quarry. 
Cross railroad track and bear left. Ascend steep hill to upland. 
Blacktop. Bear right and continue up hill. SLOW. 
Stop 11. Gray Quarries, Inc.; enter gate on right and park on bench 
at east end. Geode collecting in Warsaw Shale (SW 1/4 SE 1/4 NE 1/4, 
Sec. 31, T. 5 N., R. 8 W.). 
All but the lowermost few feet of the Keokuk Limestone is exposed in the 
main quarry. This quarry now serves as the best reference section for the formation 
in the type area. 
The lower level of the quarry .is developed in the Montrose Chert Member 
of the Keokuk. This member is characterized by brecciated and mottled dolomitic 
chert in great abundance. 
Above the Montrose the Keokuk is a gray to dark gray crinoiq and bryozoan 
calcarenite containing interbedded grayisn-tan dolomitic beds. Gray chert occurs 
throughout the section. The formation becomes increasingly shaly upward and grades 
into the overlying Warsaw argillaceous dolomite. The uppermost distinctive calcar-
enite bed is usually considered to be the top of the Keokuk. The calcarenite bed 
is located approximately where the bench has been developed along the north wall of 
the quarry. 
Almost the entire thickness of Warsaw geode beds is preserved here, but 
only the lower geode horizon is well exposed. The upper geode horizon is expressed 
as a lag concentration of small geodes just below the Pleistocene deposits. This 
exposure has been described as probably the continuously most prolific collecting 
locality in Illinois. 
A vertical transition from limestone beds up through argillaceous dolo-
mites, shales, and sandstones is noted from strata exposed at Stops 9 through 11; 
this transition is indicative of a regressing sea in which the water becomes pro-
gressively shallower and the basin receives more and more argillaceous and sandy 
materials. 
The freshness of the main quarry face makes it a rather poor place to 
collect fossils. Fish teeth and representatives of "Orthotetes" keokuk, "Spirifer" 
keokuk, and Brachythyris suborbicularis are fairly common in the upper part of the 
quarry. The giant Marginirugus magnus, restricted to uppermost Keokuk, is found 
occasionally. Microfossils, such as conodonts, are common in every bed of the 
Keokuk. 
Above the bedrock surface is a thin cover of Pleistocene deposits. The 
section exposed changes as quarry operations proceed, but presently is as follows: 
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PLEISTOCENE SERIES 
WISCONSINAN STAGE 
Peoria Loess - silt, light tan in upper 3 feet, 
gray- and tan-mottled below, leached, tough • 
Roxana Silt - silt, brown to orange tan, 
leached, tough 
ILLINOIAN STAGE 
Till - gray, pebbly, deeply weathered and highly 
oxidized to red brown, Fe- and Mn-stained. heavy, 
Thickness 
(ft.) 
8 
2 
clayey; (Sangamon Soil) • 2 
The Illinoian till is thin, perhaps because of post-Illinoian erosion. 
It. is intensely weathered and poorly exhibits the properties of till. The Sangamon 
Soil exhibits a distinctive reddish brown color. The soil extends down into the 
Warsaw Shale for 3 to 4 feet. The Wisconsinan loesses are thoroughly leached in 
this exposure and are very compact and tough, unlike the loesses that were seen at 
earlier stops. 
Gray Quarries, Inc. opened this pit in 1937. Since then, about 1 1/2 
million tons of stone have been produced. The lower part of the quarry has a 
33-foot working face. The operating face of the upper part of the quarry is 62 
feet in height. Overburden, or cover, amounts to about 40 feet. Pit trucks dump 
the coarse rock from the operating face into the primary, or roll, crusher. The 
material then is screened or sieved to produce a top size of 1 1/4 inch diameter. 
The remainder goes through the secondary, or cone, crusher to produce a finer-sized 
product. Roadstone and agstone are produced here. 
Stone (limestone and dolomite) is one of Illinois' most important mineral 
resources. During 1968, 52.7 million tons of crushed and broken stone that was 
worth $77.2 million, an average of $1.47 per ton, were produced. The value of stone 
plus stone products (cement and lime} accounted for 18.9 percent of the state's 
total mineral value ($670.6 million) for 1968. During 1968 stone was produced in 
61 of Illinois' 102 counties by 237 operators. Hancock County ranked 28th in the 
production of stone for the year. 
End of Field Trip 
Drive Carefully on Your Way Home 
PROPERTY OWNERS: 
Stop 1: 11r. Randall Phillips, Rural Route 1, Warsaw, Illinois 62379. 
Stop 11: Gray Quarries, Inc., Hamilton, Illinois 62341 
REFERENCES 
Hayes, J. B., 1964, Geodes and concretions from the Mississippian Warsaw Formation, Keokuk region, 
Iowa, Illinois, Missouri: Jour. of Sed. Pet., v. 34, no. 1, p. 123-133. 
Leverett, Frank, 1889, The lower rapids of the Mississippi River: Jour. of Geol., v. 7, no. 1, 
p. 1-22; Iowa Acad. Sci. Proc., v. 6, p. 74-93. 
'!IME TABLE OF PLEISTOCENE GLACIATION 
STAGE SUBSTAGE NATURE OF DEPOSITS SPECIAL FEATURES 
Soil, youthful profile 
Years of weathering, lake 
RECENT Before Present and river deposits, 
dunes, peat 
5,000 Outwash along 
Valderan Outwash Mississippi V~lley 
11,000 
Twocreekan Peat and alluvium Ice withdrawal, erosion 
12,500 -Glaciation, building of 
Drift,loess, dunes, many moraines as far WISCONSINAN Woodfordian south as Shelbyville, (4th glacial) lake deposits extensive valley trains, 
outwash plains, and lakes 
22,000 Ice withdrawal, weather ... · 
Farmdalian Soil, silt, and peat ing, and erosion 
28,000 Glaciation in northern 
Altonian Drift, loess Illinois, valley trains 
along major rivers, 
50,000 Winneba,go Drift 
to 
SANGAMONIAN 50,000 Soil, mature profile 
(3rd interglac al of weathering 
JUBILEEAN Drift Glaciers from northeast 
ILLINOIAN at maximum reached 
(3rd glacial) MONICAN Drift Mississippi River and 
nearly to southern tip 
Liman Drift of Illinois 
YARMOUTHIAN Soil, mature profile 
(2nd interglac al) of weathering 
Glaciers from northeast 
. .. _. 
KANSAN and northwest covered 
(2nd glacial) Drift' loess much of state 
AFTONIAN Soil, ma~ure profile 
(lst interglac al) of weathering 
I 
NEBRASKAN I Glaciers from northwest Drift invaded western Illinois (1st glac1.al) 
(Illinois State Geological Survey, 1970) 
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